Lidar has entered a practical stage in military fields such as obstacle avoidance, chemical and biological warfare agent detection and underwater target detection of low-altitude flying UAV. Due to the influence of vibration and airflow fluctuation caused by aircraft flying, the imaging is prone to blur and even damage the lidar. In order to overcome this phenomenon, this paper firstly tests the vibration of lidar in the position of UAV installation and UAV engine under the condition of UAV flying in the air. After testing and analysis, if no vibration reduction measures are taken, the lidar may work abnormally or even be damaged. The acceleration response at the location of lidar installation is used as the input condition of the shaking table to process the lidar. To achieve the simulated load, the vibration reduction measures of the T-type shock absorber are selected and the response of the load is tested under the input condition of the shaking table; the T-type shock absorber is applied to the UAV, and the response of the UAV lidar simulated load is tested under the UAV flight condition; through the vibration test and the UAV flight condition test, the vibration reduction effect of the T-type shock absorber is finally verified, and the method of vibration reduction is verified. It is of great significance to realize seamless fusion of lidar measurement and photography for UAV.
Introduction
Lidar technology began with the simplest laser ranging technology, and gradually developed laser tracking, laser speed measurement, laser scanning imaging, laser Doppler imaging and other technologies to develop laser radar for different purposes. 3D laser radar is one of the core technologies of driverless driving. 3D laser radar can obtain high-precision 3D map in real time, which is used as the underlying data of autonomous driving, as shown in the figure 1. Currently, laser radar is used in low-altitude helicopter obstacle avoidance, chemical and biological warfare. The military field such as agent detection and underwater target detection has entered a practical stage, and other application research is becoming more and more mature, making the commercial value of laser radar increasingly apparent, as shown in the figure 2. Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request It is very important to obtain accurate dynamic characteristic parameters in the design process of the robot body structure. Due to the complex structure of the robot body, the influence of dynamic joint parameters such as multiple joints and electromechanical coupling, it is difficult to accurately construct the robot system in actual research. Through the experimental test analysis method, the parameters of the actual dynamic characteristics of the robot body can be obtained. This can understand the dynamic performance and parameter identification of the robot body, and provide an important technical means for the design of the robot control system [1] . The modal shape of the UR manipulator for modal testing in a certain attitude is shown in the figure 3.
Figure 3 UR Manipulator attitude test
The unmanned airborne environment is harsh, especially the impact of airborne vibration on the imaging system is particularly serious. In order to improve the imaging quality and stability accuracy of the optical platform imaging system of the photoelectric platform, the vibration of the carrier must be isolated and suppressed [2] . For complex systems, transfer path analysis (TPA) [3] is based on experimental tests and is used to solve the vibration problem of the vibration source-transmission pathreceiver system. It is a very effective method; rubber isolator The passive vibration isolation measures are simple in structure and high in reliability, and do not require energy input outside the system, and are often used as materials for vibration isolation and vibration isolation [4] .
Load radar vibration test

Vibration measurement
Use the BK3660D digital front end and BK4524B accelerometer of this department to carry out the vibration test at the load radar installation position, and arrange the acceleration sensor in the UAV installation rack position, as shown in the figure 4. 
Data processing analysis
Run the drone to make the drone fly in the air, test the radar installation point and the time domain response curve is shown in figure 5 and power spectral density curve is shown in the figure 6. It is known that the vibration response of the radar system is required to be: the amplitude of the impact acceleration is not more than 40g; the random vibration is in the range of 5Hz-Vibration Test and Vibration Reduction Design of UAV Load Radar CACRE '19, July 19-21, 2019, Shenzhen, China 2000Hz, and the root mean square value is not more than 3grms. The radar installation point response is close to 40g, and the three axial PSD root mean square values of the radar installation point are more than 3g. If the vibration reduction measures are not taken, the radar is installed on the drone and is likely to be damaged.
Vibration reduction design
In view of the excessive vibration response of the radar installation, this paper selects the T-type damper developed by a unit to process the vibration of the drone and the radar, as shown in the figure 7 and the figure 8. . 
Damping principle
The damper is used to reduce the load of the unmanned aerial vehicle. In principle, this method is a very effective way to reduce the vibration of the UAV bracket. The vibration transmission analysis between the load and the UAV bracket is known. It can simplify the "forced vibration caused by the load support excitation" as shown in the figure 9.
Figure 9 Forced vibration caused by load support excitation
The differential equation is: It can be seen from the Fig. 10 that regardless of the damping size, only when the frequency ratio 2   is used, there is vibration isolation effect; but  should not be too large, because  means that the vibration isolator is designed to be very soft and the static deflection is large, correspondingly The volume is large, and the stability of the device is also poor, and it is easy to shake. On the other hand, 5   the change of the transfer rate is not obvious, which indicates that even if the spring support design is softer, the vibration isolation effect cannot be significantly improved. The frequency ratio is usually between 2.5 and 4.5, and the corresponding vibration isolation efficiency is 80%-90% [5] .
Due to the presence of damping, the transfer rate is continuous with frequency, and regardless of the magnitude of the damping ratio, all of the transfer rate curves intersect =2  at each other. , the damping increases and the value of the transfer rate increases. Therefore, as far from the vibration isolation point of view, the increase of damping will reduce the vibration isolation effect, but in production practice, it will often encounter some irregular external shocks and disturbances, in order to avoid the large free vibration of the elastically supported objects, ordinary people Add some damping to the ground to suppress its amplitude, and the free vibration can disappear quickly. Especially when the vibration isolation object needs to pass through the resonance zone during starting and stopping, the effect of damping is more important.
Vibration reduction design ideas
The design process of the vibration reduction mechanism of the UAV load mechanism is shown in the figure 11 below. The specific steps are as follows: The load acceleration input obtained above is used as the input condition of the vibration table, the machining load simulation part and the vibration table tooling, and the vibration damping effect of the vibration reduction measure is verified by the vibration table vibration test; the reduction with the damping effect is selected. The vibrator loads the real load onto the drone and performs the real load acceleration response test of the unmanned working state. After the drone is finished, the load performance is checked.
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Perform vibration table vibration test on simulated load to verify the vibration reduction effect of the damper
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UAV load radar test Figure 11 Vibration reduction design process
Vibration test
The UAV radar system simulation load selection has a damping effect T-type damper, and the vibration test of the UAV radar system simulation load is shown in the figure 12.
Figure 12 Simulated load vibration test of drone cloud radar system
According to the PSD results of Figure 6 , Random vibration test conditions for unmanned aerial vehicle radar system products are shown in Table 1 . The control curves of the XYZ three axes are shown in the figure 13, figure 14 and figure 15 . 
Figure 18 Laser Radar Measuring Point Response of Z-Direction Vibration Test
The summary is as follows, three axial random vibration tests, the results of the radar point response and the vibration input comparison results, as shown in Table 2 below. 
Radar system response test of drone loading shock absorber
The radar system simulation load with the T-type damper scheme is loaded onto the drone, and the radar point response of the drone is tested, as shown in the figure 19.
Analog radar
Figure 19 Drone test
The time domain response of the radar load measurement point is shown in the figure 20 and PSD response curve of the radar load measurement point is shown in the figure 21. 
Figure 21 Measuring point 1 three-axis PSD response
It can be seen that after the radar load adopts the vibration reduction scheme, the maximum response of the simulated radar in the time domain is less than 5g (less than 40g), and the root mean square value of the PSD is 0.82g (less than 3g), indicating that the radar damping measures are effective.
Conclusion
The drone does not use vibration reduction measures, the load installation point response is close to 40g, and the PSD root mean square value of the load installation point exceeds 3g. If the vibration reduction measures are not taken, the load is installed on the drone, which is likely to be damaged. After the radar load adopts the vibration reduction scheme, the maximum response of the radar time domain is less than 5g (less than 50g), and the root mean square value of PSD is 0.82g (less than 3g), which indicates that the damping method is effective.
